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BIO-DEGRAD ABLE/ABSORB ABLE ADHESIVE MEDICAL MATERIAL 



TECHNICAL FIELD 
The present invention relates to a novel two-component, bio-degradable/absorbable 
adhesive medical material comprising a biodegradable polymer serving as a bonding component 
and a biological low-molecular-weight derivative serving as a hardening component. 

BACKGROUND ART 
The occlusion/joining of a wound site in the skin, internal organ, blood vessel or the like is 
one of the most fundamental techniques for use in surgical operations or the like, and generally 
performed by sutures using a thread in this day and age. On the other hand, a technique for 
quickly occluding/joining a wound site by means of a biologically compatible adhesive having 
an appropriate tension resistance without using the suture thread has been developed, and 
biological tissue adhesives, such as fibrin-based adhesives, cyanoacrylate-based adhesives and 
polyurethane-based adhesives, have been clinically used therein. As another medical material, 
there has also been known a biological tissue adhesive having a bonding component comprising 
a biodegradable polymer, such as gelatin or collagen (see, for example, the following Patent 
Publications 1 to 6). 

Patent Publication 1 : Japanese Patent Laid-Open Publication No. 06-218035 
Patent Publication 2: Japanese Patent Laid-Open Publication No. 07-163860 
Patent Publication 3: Japanese Patent Laid-Open Publication No. 09-103479 
Patent Publication 4: WO 98/54224 

Patent Publication 5: Japanese Patent Laid-Open Publication No. 2000-290633 
Patent Publication 6: Japanese Patent Laid-Open Publication No. 2000-503883 
(Patent No. 3238711) 

DISCLOSURE OF INVENTION 
(Problem to be solved by the Invention) 



Heretofore, there has not been any biological tissue adhesive having strong tissue- bonding 
force, and low biological toxicity in a remaining crosslinking agent or a degradation product. 
Moreover, a conventional hemostatic material, blood-vessel embolizing material, sealant or 
aneurysm closing material has been liable to peel off from its applied site and has not been able 
5 to achieve sufficient hemostatic effect or sealing/closing strength in occluding a blood vessel, 
stopping bleeding, sealing air-leak or closing an aneurysm. 

(Means for solving the Problem) 

In view of the above problems, the present invention is directed to a development of a 
bio-degradable/absorbable adhesive medical material having high bonding strength between 
10 tissues and low biological toxicity, through the use of a hardening component comprising a 
low-molecular-weight derivative derived from a biological molecule. 

Specifically, the present invention provides a two-component, bio-degradable/absorbable 
adhesive medical material comprising a bonding component which consists of a solution 
containing a biodegradable polymer and either one of an organic solvent, water and a mixture of 
15 water and an organic solvent, and a hardening component which consists of a low-molecular- 
weight derivative prepared by modifying at least one carboxyl group in a di- or tri-carboxylic 
acid of the citric acid cycle, with an electron-attracting group. 

In this medical material, the electron-withdrawing group may be one or a combination of 
two or more selected from the group consisting of a succinimidyl group, a sulfosuccinimidyl 
20 group, a maleimidyl group, a phthalimidyl group, an imidazolyl group, a nitrophenyl group and a 
tresyl group, and derivatives thereof. 

The biodegradable polymer to be used in the bonding component may be a natural 
biodegradable polymer which is one or a combination of two or more selected from the group 
consisting of collagen, atelocollagen, alkali-solubilized collagen, gelatin, keratin, albumin, 
25 globulin, fibrinogen, glycosaminoglycan, chitin and chitosan, and derivatives thereof, or may be 
a synthetic biodegradable polymer which is one or a combination of two or more selected from 
the group consisting of polyamino acid and polyalcohol, and derivatives thereof. 

The solvent for dissolving the biodegradable polymer may be one or a combination of two 
or more selected from the group consisting of distilled water, buffer solution and organic solvent. 
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Among them, the organic solvent may be one or a combination of two or more selected 
from the group consisting of dimethyl sulfoxide (DMSO), N,N-dimethylformamide (DMF), 
lactic acid, lactic acid oligomer, polyethylene glycol and polypropylene glycol. 



5 BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 is a graph showing the result of a cytotoxicity test on three compounds related to the 
synthesis of a citric acid derivative (CAD). 

BEST MODE FOR CARRYING OUT THE INVENTION 
10 A di- or tri-carboxylic acid of the citric acid cycle to be used in the present invention may 

be malic acid, oxalacetic acid, citric acid, cis-aconitic acid, 2-ketoglutaric acid, or derivatives 
thereof. 

A biological low-molecular-weight derivative to be used in the present invention is 
prepared by introducing an active ester into the di- or tri-carboxylic acid of the citric acid cycle 

15 through the reaction between the di- or tri-carboxylic acid, and an electron-attracting group, such 
as one or a combination of two or more selected from the group consisting of a succinimidyl 
group, a sulfosuccinimidyl group, a maleimidyl group, a phthalimidyl group, an imidazolyl 
group, a nitrophenyl group and a tresyl group, and derivatives thereof. 

More specifically, the biological low-molecular-weight derivative in the present invention 

20 may be obtained by adding a molecule serving as an electron-attracting group, such as 
N-hydroxysuccinimide, to an organic solvent solution of the di- or tri-carboxylic acid of the 
citric acid cycle, under the presence of a condensing agent, such as l-ethyl-3-(3- 
dimethylaminopropyl)carbodiimide, and purifying an obtained product by silica-gel column 
chromatography. 

25 A biodegradable polymer to be used in the present invention may be a natural 

biodegradable polymer, such as one or a combination of two or more selected from the group 
consisting of collagen (which may be either one of several ten types), atelocollagen (which may 
be either one of several ten types), alkali-solubilized collagen (which may be either one of 
several ten types), gelatin, keratin, albumin, globulin, fibrinogen, glycosaminoglycan, chitin and 
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chitosan (which may have any degree of deacetylation or any molecular weight), and derivatives 
thereof. The protein may be derived from any suitable source organism. The biodegradable 
polymer to be used in the present invention may also be a synthetic biodegradable polymer, such 
as one or a combination of two or more selected from the group consisting of polyamino acid 
5 (which may be any type of amino acid or may have any molecular weight) and polyalcohol 
(which may be any type or may have any molecular weight), and derivatives thereof, each of 
which has a functional group reactable with a biological low-molecular-weight molecule 
modified with as an electron-withdrawing group. 

The glycosaminoglycan may be one or a combination of two or more selected from the 

10 group consisting of chondroitin sulfate, dermatan sulfate, hyaluronic acid, heparan sulfate, 
heparin and keratan sulfate, and derivatives thereof. Each of the glycosaminoglycans may have 
any molecular weight or may be derived from any suitable source organism. 

As to the ratio between the bonding component (biodegradable polymer) and the hardening 
component (biological low-molecular-weight derivative), the hardening component may be set at 

15 0.01 to 1000 mM with respect to 0.01 to 80 weight% of the bonding component in the solvent, 
such as organic solvent, distilled water or buffer solution. More preferably, the bonding 
component in the solvent is set in the range of 10 to 60 weight%. Further, the hardening 
component is set more preferably in the range of about 10 to 200 mM with respect to the 
bonding component. The reaction between the bonding and hardening components is induced 

20 preferably at 0 to 100°C, more preferably at 4 to 60°C. Preferably, each of the bonding and 
hardening components is prepared as a solution having an appropriate concentration, and then 
they are mixed together to induce a homogenous reaction therebetween. 

The solvent for forming the bonding-component solution or the hardening-component 
solution may include a buffer solution, such as physiological salt solution, sodium hydrogen 

25 carbonate, boric acid and phosphoric acid, as well as distilled water. The use of the buffer 
solution makes it possible to prevent a tissue around a site with the adhesive attached thereto 
from becoming necrotic due to osmotic pressure and/or change in pH. 

The solvent may also be an organic solvent, such as one or a combination of two or more 
selected from the group consisting of dimethyl sulfoxide (DMSO), N,N-dimethylformamide 
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(DMF), lactic acid, lactic acid oligomer and polyethylene glycol. Further, a mixed solvent 
prepared by mixing distilled water and organic solvent at an appropriate ratio may be used. 

The above two component, bio-degradable/absorbable adhesive medical material may be 
used as a biological tissue adhesive for bonding between soft tissues, such as skin tissue-to-skin 
tissue, bonding between hard tissues, such as bone tissue-to-bone tissue, and bonding between 
hard and soft tissues, such as bone tissue-to-cartilage tissue. This medical material may also be 
used as a hemostatic material, a blood-vessel embolizing material, a sealant or an aneurysm 
closing material. When used in these purpose, the bio-degradable/ absorbable adhesive medical 
material of the present invention exhibits characteristics of being degraded in the body and then 
absorbed/vanished after a lapse of a given time-period, and thereby will never remain in the body 
as a foreign material. 

[EXAMPLE] 

The present invention will be described in more detail below in connection with examples. 
1 5 CYTOTOXICITY TEST 

A cytotoxicity test was carried out in the following manner. As one example of the 
low-molecular-weight derivative serving as the hardening component, a biological 
low-molecular-weight derivative (CAD) was synthesized by modifying three carboxyl groups of 
a citric acid with N-hydroxysuccinimide (HOSu), and a cytotoxicity test was performed using 
20 L929 cells and the synthesized CAD. The number of cells in a sample added with no CAD was 
defined as 100%. The CAD exhibited extremely low toxicity as with citric acid and HOSu. 
(Inventive Examples 1 to 3) 

Alkali-solubilized collagen (AlCol) was used as the biodegradable polymer. 50 |iL of 
CAD solution containing a commercially available CAD serving as the hardening component 
25 dissolved therein in each amount of 100 mM (Inventive Example 1), 50 mM (Inventive Example 
2) and 30 mM (Inventive Example 3), was added to 200 |iL of DMSO solution containing 30 
weight% of AlCol. The mixture was stirred at 25°C for several second to prepare a mixed 
solution. 

(Inventive Example 4) 
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50 \xL of CAD solution containing 100 mM of commercially available CAD dissolved 
therein was added to 200 |aL of DMSO solution containing 50 weight% of alkali-solubilized 
collagen (AlCol). The mixture was stirred at 25°C for several second to prepare a mixed 
solution. 

5 

A bonding test on Inventive Examples 1 to 4 was carried out using a commercially 
available ham. A tissue bonding test was performed in the following manner. Each of the 
prepared mixed solutions was applied onto a prepared ham (thickness: 2 mm, width: 2 cm, 
length: 6 cm) in an area of 2 X 2 cm 2 , and a piece of ham having the same size was 
10 superimposed on the bonding surface. Further, 50 g of weight was loaded on the bonding 
surface, and the hams were left at 37°C for 12 hours. A bonding strength was measured by a 
tension tester (TA-XT 2i, available from Eko Instruments Co., Ltd., Japan). The measurement 
was performed at 25 °C and a measurement speed of 5 mm/s. The test result is shown in Table 
1. 

15 



Table 1 





Bonding Conditions 


Bonding Strength (kPa) 


Inventive Example 1 


30 wt% of AlCol + CAD 100 mM 


13.1 


Inventive Example 2 


30 wt% of AlCol + CAD 50 mM 


6.2 


Inventive Example 3 


30 wt% of AlCol + CAD 30 mM 


3.3 


Inventive Example 4 


50 wt% of AlCol + CAD 100 mM 


19.9 



From the comparison between Inventive Examples 1 to 3 in Table 1, it is proven that a 
higher CAD concentration provides a higher bonding strength. Further, from the comparison 
20 between Inventive Examples 1 and 4, it is proven that a higher AlCol concentration provides a 
higher bonding strength under the same CAD concentration. 

(Comparative Example 1) 

A and B liquids of fibrin paste (Beriplast P®, available from Hoechst AG, Germany) were 
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mixed to prepare a biological tissue adhesive. 0.20 g of this biological tissue adhesive was 
applied onto a prepared ham (thickness: 2 mm, width: 2 cm, length: 6 cm) in an area of 2 X 2 
cm 2 , and a piece of ham having the same size was superimposed on the bonding surface. 
Further, 50 g of weight was loaded on the bonding surface, and the hams were left at 37°C for 12 
5 hours. 

(Comparative Example 2) 

Gelatin paste (GRF-glue®, available from E. H. S., France) consisting of two liquids of a 
gelatin-resorcinol solution and a formaldehyde-glutaraldehyde solution was used as the 
biological tissue adhesive. 0.20 g of the gelatin-resorcinol solution was applied onto a prepared 
10 ham (thickness: 2 mm, width: 2 cm, length: 6 cm) in an area of 2 X 2 cm 2 , and a piece of ham 
having the same size was superimposed on the bonding surface. Further, 50 g of weight was 
loaded on the bonding surface, and the hams were left at 37°C for 12 hours. 
(Comparative Example 3) 

2-octyl cyanoacrylate (DERMABOND®, available from ETHICON. Inc., U.S.A.) was 
15 used. 0.25 g of this biological tissue adhesive was applied onto a prepared ham (thickness: 2 
mm, width: 2 cm, length: 6 cm) in an area of 2 X 2 cm 2 , and a piece of ham having the same 
size was superimposed on the bonding surface. Further, 50 g of weight was loaded on the 
bonding surface, and the hams were left at 37°C for 12 hours. 

20 A bonding strength of each biological tissue adhesive in Comparative Examples 1 to 3 was 

measured by a tension tester (TA-XT 2i, available from Eko Instruments Co., Ltd., Japan). The 
measurement was performed at 25°C and a measurement speed of 5 mm/s. The test result on 
Comparative Examples 1 to 3 and the test result on Inventive Example 4 having the best bonding 
condition (AlCol concentration: 50 wt%, CAD concentration: 100 mM) are shown in Table 2. 

25 
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Table 2 



Adhesive 


Bonding Strength (kPa) 


Inventive Example 4 


15.8 


Comparative Example 1 


0.7 


Comparative Example 2 


15.2 


Comparative Example 3 


25.8 



As seen in Table 2 5 while the biological tissue adhesive in Inventive Example 4 using CAD 
is inferior to Comparative Example 3, it has a higher bonding strength than those of the 
5 biological tissue adhesives in Comparative Examples 1 and 2. 

INDUSTRIAL APPLICABILITY 
The present invention provides a low-toxic bio-degradable/absorbable adhesive medical 
material usable as a medical material to be crosslinked extemporarily on the site of medical 
10 procedures, such as a hemostatic material, a blood-vessel embolizing material, a sealant or an 
aneurysm closing material, as well as a biological tissue adhesive. This bio-degradable/ 
absorbable adhesive medical material has no need for taking account of toxicity in use, and can 
be handled in a significantly simple manner. 
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